ABSTRACT: Molecular markers have been used as tools in breading programs of sexual hybridation, allowing the genetic characterization of a large number of genotypes. The RADP markers are the most used since the employed techniques are simple and of low cost. To evaluate the genetic divergence among F 1 hybrids of 'Cravo' mandarin (Citrus reticulata Blanco) and 'Pêra' sweet orange (C. sinensis (L.) Osbeck), this study analyses the variability and similarity of the hybrids among themselves and with their parents. Random Amplified Polimorfic DNA marker analysis, with 102 primers, were applied to a population composed of 94 hybrids and their parents. Multivariate genetic divergence analysis of the principal components and Tocher grouping were carried out only considering the polymorphic fragments. Genetic distances were calculated by the arithmetic complement of the Jaccard index. Bidimensional dispersion graphs among hybrid and parent distances and of the divergence analysis by principal components were constructed. High genetic similarity among Cravo and Pêra varieties and their hybrids was verified, showing a casual distribution from the hybrids in relation to the parents, but in intermediary positions. The principal component analysis showed little applicability in the study of hybrid genetic divergence. The hybrids and parents were classified in groups based on the genetic similarity, using the Tocher optimization method. Key words: Citrus reticulata, Citrus sinensis, Tocher grouping, RAPD, citrus
INTRODUCTION
The history of citriculture shows a need to search for new varieties, because the genetic base of the economically important species is narrow, even though the genetic diversity in the citrus group is wide.
Controlled crosses have been performed since the 19th century, and some economically important hybrids have been obtained (Moreira & Pio, 1991) . The discontinuity of breeding programs as well as biological factors, such as prolonged juvenility, self-incompatibility and incompatibility between some species, high heterozygosity, sterility, depression by endogamy, apomixis and polyploidy have been the major limitations found in obtaining new citrus varieties (Grosser & Gmitter Jr., 1990) .
Several molecular markers have been utilized as tools in breeding programs by sexual hybridization, allowing the genetic characterization of a large number of genotypes by means of procedures that are relatively simple, fast and free of interferences in the environment. RAPD (Random Amplified Polymorphic DNA) markers (Williams et al., 1990) are among the most utilized markers, since they are produced by techniques that are simple, inexpensive and relatively less labor-intensive (Huff et al., 1993 Obtaining a knowledge and quantifying the genetic variability in a population is important for breeders to study the genetic relationships between hybrids and parents, and could provide orientation in selecting promising materials, new crosses and an understanding of how several characters are inherited.
Different multivariate statistics techniques, such as principal components, principal coordinates, and canonic variables analyses, and agglomerative methods, such as Tocher's, have been utilized in genetic divergence studies (Dias, 1994; Cruz, 2001) . These have allowed more precise inferences on genetic relationships between genotypes, since they consider the correlations that exist in a set of characters that combine multiple pieces of information.
The objective of this work was to evaluate the genetic divergence between F 1 hybrids and the parental 'Cravo' mandarin and 'Pêra' sweet orange.
MATERIAL AND METHODS
The parental 'Cravo' mandarin and 'Pêra' sweet orange, and a population of 94 F 1 hybrids of these varieties, obtained by means of controlled crosses, were utilized in this genetic divergence study.
The RAPD analyses were performed according to Oliveira et al. (2002) , and 102 arbitrary sequence decamer primers from kits A, AB, AT, AV, B, C, D, E, G, H, I, M, N, P, Q, R, U and Y of Operon Technologies Inc were utilized.
The polymorphic DNA fragments between 'Cravo' mandarin and 'Pêra' sweet orange (Aa × aa and aa × Aa) and those monomorphic (Aa × Aa) that would segregate in the progeny, were evaluated based on their presence or absence in the genotypes.
The GENE application (Cruz, 2001 ) was utilized in the multivariate analyses. Initially, Jaccard's coefficient (Sneath & Sokal, 1973) , recommended for dominant character markers, such as RAPD (Link et al., 1995) , was utilized to estimate the genetic similarity between hybrids and parents. Then, the genetic distances were obtained by the arithmetic complement of Jaccard's coefficient, and were utilized to create a bidimensional dispersion graph (Cruz, 2001) .
The genetic divergence analysis between hybrids and the parents was performed by means of principal components analysis (Pearson, 1901 ) and Tocher's cluster optimization methods (Rao, 1952) , based on the genetic distances matrix.
The principal components analysis was made by reducing the dimensions of the group of data to produce a smaller number of abstract variables, thus maximizing the variance of the linear combinations of the variables (Cruz & Regazzi, 1994) .
For this analysis, the original variables data were transformed according to the formula X = Xi / Sx, where X is the standardized variable, Xi is the original variable and Sx is the standard deviation of variable X (Cruz, 2001 ). The first four principal components were utilized to plot the genotypes on two bidimensional dispersion graphs.
For Tocher's optimization method, the adopted criterion was that the mean of dissimilarity measurements within each group had to be smaller than the mean distances between any of the groups (Cruz, 2001) .
RESULTS AND DISCUSSION
The multivariate analyses using Jaccard's coefficient confirmed the high genetic similarity between varieties Cravo and Pêra (74.5%), and consequently, the F 1 hybrids being studied (74.2% to 99.7%) (Oliveira et al., 2002) . Such high similarity level made it difficult to obtain polymorphic markers between parents. The RAPD reactions, performed with 102 primers, provided the amplification 640 consistent fragments, of which only 226 (35.3%) were polymorphic. Between markers, due to progeny segregation, 100 heterozygous loci were verified in 'Pêra' sweet orange (aa × Aa), 46 in 'Cravo' mandarin (Aa × aa) and 80 in both parents (Aa × Aa). Taxonomically, the species C. sinensis and C. reticulata are classified as closely related (Cooper, 1990; Davies & Albrigo, 1994; Luro et al., 1995) , and many authors suggest that C. sinensis is a hybrid between C. reticulata and C. maxima (Federici et al., 1998) .
The bidimensional dispersion graph demonstrates the expected tendency for an intermediate distribution of F 1 hybrids relative to parents (Figure 1) . Undoubtedly, using a significant number of RAPD markers (226) allowed for a precise estimation of distances between genotypes. A knowledge of the presence/absence of these markers in the species C. maxima will elucidate the hypothesis of origin of C. sinensis from C. reticulata.
A structural simplification of the RAPD data was obtained through the principal components analysis, providing a better comparison of the genetic divergence between parents and hybrids, in view of a graphical evaluation that is easy to interpret. From 96 principal components obtained, the first four accumulated only 54.9% of the total variation, and ten components were necessary to reach 81.3% of the variance (Table 1) . One single pair of components was not sufficient to represent the dispersion of the parents and their hybrids in a consistent way, since the variance was distributed among the first ten principal components. The genetic divergence between parents and hybrids was represented by the first four principal components, in two bidimensional graphs, Figure 2 , a and b, and a nearly random distribution of the hybrids in relation to the parents is suggested. Thus, based on their positions in the dispersion graphs, the hybrids can be classified as:
hybrids with an intermediate genetic distance between the parents, hybrids with high genetic similarity relative to one of the parents, hybrids quite different from both parents, and hybrids with high similarity among themselves. Even though there were hybrids very similar between themselves, no twins were found, which could occur in citrus, due to polyembryony by cleavage of the sexual embryo or by the existence of more than one normal gametophyte in the ovule (Frost & Soost, 1968) . The fact that Citrus species in general present high heterozygosity can explain the existence, in some cases, of zygotic individuals having very significant differences relative to both parents (Moreira & Pio, 1991) . This aspect is evidenced by the presence of a considerable number of markers (80) in heterozygosis in the parents (Aa x Aa), which resulted in approximately 25% of hybrids with recessive homozygous genotype (aa) for each of these markers.
The comparison of results provided by the dispersion of genotypes (Figure 2 ) demonstrates great variation in genetic divergence between parents and hybrids in view of the principal components that were utilized. There was no precise positioning of the hybrids among themselves and relative to the parents by this multivariate analysis method, and this probably occurred because of the nature of the utilized RAPD markers, which have a low correlation level among themselves because independent segregation occurs, preventing the total variance from being explained by a reduced number of principal components. Therefore, this kind of analysis had little applicability in the genetic divergence study of the examined F 1 progeny.
The Tocher optimization method (Rao, 1952 ) was utilized to verify the existence of clusters of genotypes based on their genetic similarity. Thus, thirty groups of materials showing similarity were obtained, with 12 groups composed by a single genotype (Table 2) . Group 1, where the parental 'Pêra' sweet orange was included, whose source could be hybrid (Federici et al., 1998) , showed the largest number of genotypes (19) ( Table 2) . Even though the work was made with a representative amount of RAPD markers (226), which provided a widespread genome coverage without being affected by environmental factors (Ferreira & Grattapaglia, 1998) , the false tendency of occurrence of greater genetic similarity of hybrids relative to the parents with a higher number of loci in heterozygosity, when working with dominant markers, should not be discarded (Lynch & Milligan, 1994; Luro et al., 1995) .
A considerable degree of correspondence can be verified between genotypes grouped by the Tocher method and those that are closer together in the dispersion graph, according to the principal components analysis (Table 2 and Figure 2a) . The results given by these two types of analyses are complementary, providing additional support for a better understanding of the genetic relationships between the genotypes under study.
At present, the hybrids are being evaluated under screen-caging and field conditions in relation to the phenotypic variability of several agronomically important traits, whit the purpose of understanding their inheritance and selecting promising hybrids.
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